Introduction
============

Diabetic retinopathy (DR) is the most common microvascular complication of diabetes[@b1-opth-10-1103],[@b2-opth-10-1103] and a leading cause of visual impairment and blindness. DR can lead to diabetic macular edema (DME), which affects \~30% of patients who have had diabetes for at least 20 years[@b3-opth-10-1103] and is responsible for much of the vision loss due to DR. Vascular endothelial growth factor (VEGF) inhibitors, administered by intravitreal injection, have become established as part of the de facto standard of care in DME. As our understanding of the profiles of anti-VEGF agents in ophthalmology was refined, there has been a growing interest in exploring different regimens and drugs to maximize efficacy while minimizing burden on patients and health care systems.

Prospective, randomized clinical trials have addressed the efficacy and safety of different types of anti-VEGF in the treatment of DME, including pegaptanib, ranibizumab, bevacizumab, and aflibercept. These clinical trials have shown wide variations in efficacy in terms of visual acuity (VA) gains in patients with DME, not only among trials with different anti-VEGF agents or regimens but also between trials with similar agent and regimen. For instance, in the RESTORE trial in DME, ranibizumab 0.5 mg administered according to a pro re nata (PRN) regimen (plus laser) resulted in 12-month gain of only 6.4 letters,[@b4-opth-10-1103] in contrast to a gain of nine letters with ranibizumab 0.5 mg PRN (plus laser) in Diabetic Retinopathy Clinical Research Network Protocol I study (Protocol I).[@b5-opth-10-1103]

Such differences in apparent efficacy warrant closer attention. Comparing the performance of anti-VEGF agents involves cross-trial comparisons, with not only different compounds and administration regimens but also different trial populations. DR is known to be a variable disease that is dependent on both local and systemic factors, which are very difficult to control. In addition, due to varying inclusion and exclusion criteria, the mean best-corrected visual acuity (BCVA) at baseline differs substantially between trials, which may distort comparisons across trials that use change in BCVA as an efficacy end point.

The objective of the present study was to determine the contribution of baseline BCVA to assessments of drug efficacy in DME in an analysis of nine clinical trials of different anti-VEGF agents and treatment regimens.

Methods
=======

A cross-DME trial comparison was conducted on data from nine clinical trials of anti-VEGF agents in DME, such as Protocol I,[@b5-opth-10-1103] RESOLVE,[@b6-opth-10-1103] RESTORE,[@b4-opth-10-1103] RISE,[@b7-opth-10-1103] RIDE,[@b7-opth-10-1103] DA VINCI,[@b8-opth-10-1103] VIVID,[@b9-opth-10-1103] VISTA,[@b9-opth-10-1103] and RETAIN.[@b10-opth-10-1103] All studies were conducted in compliance with the tenets of the Declaration of Helsinki. Approvals were obtained from the independent Ethics Committee or Institutional Review boards and all patients provided written informed consent before enrollment into the trials. Ethical approval was not sought from any IRB for the present analysis, as it only uses study-level data publicly available from these previously approved studies. The selected studies were all Phase II or Phase III randomized controlled trials of ranibizumab or aflibercept using mean BCVA change at 12 months (or 24 months for RISE and RIDE) as an efficacy end point. It should be noted that BCVA gains for RISE and RIDE at 24 months are very similar to gains observed at 12 months, as illustrated by the plateau curve displaying the time course of VA gains in these two trials.[@b7-opth-10-1103] DA VINCI, VIVID, and VISTA assessed the effect of a maintenance regimen of aflibercept every four weeks (q4), every eight weeks (q8), or PRN (DA VINCI) on mean BCVA. RESOLVE, RISE, RIDE, Protocol I, RESTORE, and RETAIN evaluated BCVA outcomes with a maintenance regimen of ranibizumab administered monthly, PRN, and/or treat and extend depending on the trial. In some of these trials, monthly injections were performed prior to maintenance therapy ([Table 1](#t1-opth-10-1103){ref-type="table"}).

Inclusion/exclusion criteria
----------------------------

Inclusion and exclusion criteria varied between studies, notably in terms of baseline VA. In RETAIN and RESTORE, DME patients were eligible if they had a BCVA between 39 and 78 letters, both inclusive, based on Early Treatment Diabetic Retinopathy Study (ETDRS)-like VA testing charts (approximate Snellen equivalent 20/160 and 20/32); in RESOLVE, BCVA letter scores required for inclusion were between 39 and 73 ETDRS letters (approximate Snellen equivalent 20/160--20/40); in Protocol I, BCVA scores required for inclusion were 24--78 ETDRS letters (Snellen equivalent 20/320--20/32); in RISE and RIDE, DA VINCI, VIVID, and VISTA, BCVA scores required for inclusion were 24--73 ETDRS letters (Snellen equivalent 20/320--20/40).

Inclusion criteria for retinal thickness measured on time domain optical coherence tomography in the central sub-field, when present, also varied from ≥250 µm (DA VINCI, Protocol I) to ≥275 µm (RISE and RIDE) and ≥300 µm (RETAIN \[if BCVA \>73\], RESOLVE, VIVID). Stable diabetes was usually required, with glycated hemoglobin (HbA1c) ≤12% in RESOLVE, RETAIN, RISE and RIDE, and VIVID; HbA1c ≤10% in RESTORE; or in the opinion of the investigator (VISTA, DA VINCI). Generally, patients who received antiangiogenic drugs within 3 months prior to the study (RESTORE, RISE and RIDE, RETAIN, DA VINCI, VISTA, and VIVID) or any DME treatment within 4 months (Protocol I) were excluded. In RESOLVE, all patients who received any previous/current intravitreal or sub-Tenon drug delivery and/or participated in a clinical trial involving antiangiogenic drugs were excluded. Active proliferative DR was part of the exclusion criteria in RESOLVE, RESTORE, RETAIN, VISTA, and VIVID.

Statistical analysis
--------------------

The mean baseline BCVA values and mean BCVA gains were taken from each published paper for the 14 arms that used aflibercept 2 mg or ranibizumab 0.5 mg (the doses licensed in many countries including the European Union) as monotherapy (or with deferred laser, the most analogous to monotherapy; [Table 1](#t1-opth-10-1103){ref-type="table"}) and summed to provide absolute BCVA levels at 12 months.

In addition, a simple linear regression model was used, and the correlation (Pearson's *r*) between mean baseline BCVA and mean BCVA gain at 12 months was determined using data from all anti-VEGF treatment arms of the nine trials.

To corroborate this analysis, results from baseline BCVA-stratified analyses, which were performed with data obtained from RESTORE, RETAIN, and Protocol I, are also described here.

Results
=======

Cross-DME trial comparison
--------------------------

The nine trials included 3,404 patients, of whom 1,616 were included in this analysis, with 707 treated with aflibercept 2 mg and 909 treated with ranibizumab 0.5 mg monotherapy (or with deferred laser) for at least 12 months ([Table 1](#t1-opth-10-1103){ref-type="table"}). The characteristics of each trial are provided in [Table 1](#t1-opth-10-1103){ref-type="table"}. They reveal wide variations in inclusion criteria translating into variations in mean BCVA at baseline.

Concurrently, mean BCVA gains after 12 months also varied considerably across trials. The greatest gain (13.1 letters) was observed for the DA VINCI trial of aflibercept 2 mg q4 ([Figure 1](#f1-opth-10-1103){ref-type="fig"}). This trial enrolled patients with baseline VA in the range 24--73 letters, and this arm featured a mean BCVA of 59.9 letters at baseline.

The lowest gain (6.8 letters) using monotherapy was recorded for the RESTORE and RETAIN trials of ranibizumab 0.5 mg for each of the PRN and treat and extend arms, respectively ([Figure 1](#f1-opth-10-1103){ref-type="fig"}). The threshold for inclusion in these two trials was higher at 39 letters, and the maximum allowable baseline BCVA was also higher at 78 letters. With mean baseline BCVA of 64.8 and 63.9, these two trials also featured among the highest BCVA scores at baseline of all nine trials.

Regression analysis
-------------------

While mean baseline BCVA levels varied from 56.9 letters to 64.8 letters, mean BCVA gains at month 12 or month 24 inversely varied from 13.1 letters to 6.8 letters. This inverse relationship was confirmed when baseline BCVA and BCVA gain were subjected to regression analysis, which revealed a significant, strong negative correlation between the two parameters (*r*=−0.85 and *r*^2^=0.73, *P*\<0.001; [Figure 2](#f2-opth-10-1103){ref-type="fig"}).

As a result of this correlation, a pattern emerges for mean absolute 12-month VA. The combined value of mean baseline BCVA plus mean gain in BCVA at 12 months, when examined across the nine trials and 14 anti-VEGF treatment arms studied, falls in a narrow range of 68.5--73.0 letters. The mean absolute VA achieved is thus relatively constant and very close to 70 letters irrespective of trial, drug, regimen, or number of injections ([Figure 3](#f3-opth-10-1103){ref-type="fig"}).

Stratified analysis
-------------------

BCVA baseline category analyses of RESTORE, RETAIN, and Protocol I support the findings of the present analysis at the individual patient data level. Analysis of RESTORE in DME has shown that baseline BCVA is a significant predictor of change in BCVA at 12 months and 36 months with ranibizumab ([Figure 4](#f4-opth-10-1103){ref-type="fig"}).[@b11-opth-10-1103] When patients in the RESTORE trial were categorized according to baseline BCVA, greater gains were evident for patients with ≤60 letters at baseline versus those with 61--73 letters and \>73 letters of vision.[@b4-opth-10-1103] In the group of patients receiving ranibizumab 0.5 mg alone, the mean 12-month BCVA gains were 8.6 letters for patients with ≤60 letters of vision at baseline versus 7.5 letters for patients with 61--73 letters of vision at baseline and 2.1 letters for patients starting with \>73 letters of vision ([Figure 4](#f4-opth-10-1103){ref-type="fig"}).

Similar results were obtained in the RETAIN and Protocol I trials. In RETAIN, the group of patients with ≤60 letters of vision at baseline gained 10.3 letters compared with 5.7 letters in the group with \>73 letters of vision at baseline (data on file) ([Figure 5](#f5-opth-10-1103){ref-type="fig"}). In a similar analysis of the Protocol I trial, patients were stratified according to baseline BCVA ≥66 letters and ≤65 letters.[@b5-opth-10-1103],[@b12-opth-10-1103] In the group with worse vision at baseline, gains in BCVA were consistently greater than in the higher baseline BCVA group. In the ranibizumab plus deferred laser group (most analogous to ranibizumab monotherapy), patients in the worse baseline vision category gained 13±10 letters at month 12 in contrast to 5±13 letters in patients with better baseline vision.[@b5-opth-10-1103]

Discussion
==========

The present analysis explores the effect of differences in baseline BCVA on the change in BCVA observed after ≥12 months of anti-VEGF treatment across nine trials (14 arms) in patients with DME. The mean BCVA gains, which varied from 6.8 letters to 13.1 letters, were found to be negatively correlated to baseline BCVA, which inversely varied from 64.8 letters to 56.9 letters. The results of the regression analysis demonstrated that mean BCVA at baseline could explain 73% of the variation of mean BCVA gain. The differences in gain seen across these trials may therefore be mainly due to differences in mean baseline BCVA, reflecting different inclusion criteria.

Category analyses performed in three of these trials (RESTORE, RETAIN, and Protocol I) further illustrate that anti-VEGF therapy results in higher BCVA gain in patients with poor vision. When the starting VA was better, anti-VEGF agents did not provide such marked gains, although VA was still on average improved or at least maintained.

In addition, this analysis shows that irrespective of trials (and therefore drug, regimen, and number of injections), the mean absolute BCVA achieved at 12 months across patients in the studies is \~70 letters (20/40 Snellen VA equivalent). This result further challenges the notion that overall gain in BCVA from baseline is a measure of therapeutic success across trials with different inclusion criteria, in particular baseline BCVA range. Conducting cross-trial comparisons based on change in BCVA could therefore be misleading and should be done cautiously after adjustment for BCVA at baseline.[@b13-opth-10-1103]

However, the fact that the mean BCVA level at 1 year in many trials of ranibizumab and aflibercept in DME seems to be at a common level of 70 letters does not imply that there is a therapeutic ceiling in DME beyond which additional treatment is futile. Seventy letters is an average value. Patients who started with BCVA \>70 letters were still able on average to gain up to more than five letters ([Figures 4](#f4-opth-10-1103){ref-type="fig"} and [5](#f5-opth-10-1103){ref-type="fig"}). In addition, it should be noted that 44.9% of patients treated with ranibizumab plus laser achieved a VA of ≥20/40 (70 letters) after 1 year in RESTORE; after 3 years, the percentage of ranibizumab-treated patients who reached a VA of ≥20/40 was 62.2% in RIDE, 63.2% in RISE, and 70% in Protocol I.[@b14-opth-10-1103]

This analysis has some limitations. Owing to the nature and source of the data, it was not possible to perform a multivariate analysis at the patient level across all trials on baseline characteristics such as age, HbA1c, blood pressure, duration of disease, and diabetes. However, a multivariate analysis of the RESTORE trial was conducted which, along with baseline BCVA, identified age and duration of DME and diabetes as predictors of responses to ranibizumab and laser therapy in patients with DME.[@b11-opth-10-1103] Younger age and shorter diabetes duration were also associated with better VA outcomes and greater reduction of central subfield thickness following ranibizumab treatment in the Protocol I trial.[@b12-opth-10-1103]

Diabetes tends to be very well controlled in clinical trials. This is in contrast to the situation encountered in clinical practice where patients with diabetes can be notoriously noncompliant.[@b15-opth-10-1103] The mean absolute BCVA observed in these clinical trials may thus be different in clinical practice depending on baseline characteristics, such as duration of diabetes, duration of DME, and age. In common with diabetes control, other factors in clinical trials tend to be more controlled than in real-world practice by virtue of the inclusion and exclusion characteristics. Therefore, any analysis of baseline characteristics versus clinical outcomes will inevitably be hindered by a relatively small window of correlated data.

Nevertheless, the data presented here indicate that the current trials do not allow us to draw any conclusion about the comparative efficacy of the different anti-VEGF agents and the different regimens applied in DME. More head-to-head trials are needed to propose ideal regimen for anti-VEGF agents and develop guidelines.

In order to address this need, a recent study conducted by the [DRCR.net](http://DRCR.net), the protocol T, involving 660 subjects with DME and BCVA between 20/32 and 20/320, did propose as its primary objective to compare the efficacy and safety of intravitreal aflibercept, bevacizumab, and ranibizumab.[@b16-opth-10-1103] This study, however, has limitations, as it is an open-label partly masked trial using a lower dose of ranibizumab (0.3 mg) with a PRN regimen. This combination of dose and regimen is not approved in any jurisdiction, which raises some question as to its relevance to the approved regimen ex-US (0.5 mg PRN).

In the absence of more head-to-head randomized trials, new tools have been developed for comparative effectiveness research, addressing some of the limitations of cross-trial comparison highlighted in this analysis.[@b13-opth-10-1103],[@b17-opth-10-1103] The matching-adjusted indirect comparison model allows indirect comparisons of treatments and regimens to be performed across separate trials.[@b17-opth-10-1103] It incorporates individual patient data from trials of one treatment to match baseline summary statistics reported from trials of another treatment. Treatment outcomes are then compared across balanced trial populations, thus providing comparative evidence more reliable than analyses based only on published aggregate data.

The fact remains that individualized regimens can be employed as means of lessening therapeutic and administrative burden. The commonly accepted approach of adopting individualized treatment regimens, with treatment intervals determined by the physician based on disease activity, as assessed by VA and/or anatomical parameters, is reflected in the current EU-SmPC for Lucentis^®^ (Novartis International AG, Basel, Switzerland).[@b18-opth-10-1103]

Finally, the question as to why the mean BCVA observed in the trials included here seems to consistently even out at \~70 letters is worthy of further exploration. Of note, a similar plateau effect with anti-VEGF therapy has been reported in patients with neovascular age-related macular degeneration for whom a worse acuity at baseline was also found to predict more gain in vision.[@b19-opth-10-1103] An inverse relationship between baseline BCVA and BCVA gain in neovascular age-related macular degeneration has also been observed in real-life clinical practice.[@b20-opth-10-1103] Interestingly, patients in Protocol T were able to reach higher VA (mean VA of ≥76 letters for the agents studied here) than what was observed in this analysis.[@b16-opth-10-1103] This distinctive result suggests that other factors may play a role on final VA achievement; for instance, early treatment and different retreatment criteria may allow greater VA gain than those reached in previous trials.

It should also be noted that this plateau effect has been observed for the studied aflibercept and ranibizumab treatments in DME, and it is currently unclear whether or not it can be generalized to other anti-VEGF treatments and indications. In the BOLT study comparing repeated intravitreal bevacizumab to laser in patients with DME with mean baseline BCVA of 55.7 (+/−9.7) letters, the mean BCVA at 12 months was lower at 61.3 (±10.4), although other baseline characteristics might partly account for this result.[@b21-opth-10-1103]

The observational study LUMINOUS (NCT01318941) designed to observe the effectiveness and safety of ranibizumab, as well as the OCEAN study (NCT02194803) on ranibizumab treatment patterns and real-life ophthalmic monitoring, may help clarify the relevance of this plateau to routine clinical practice.
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![The mean BCVA gain across nine clinical trials of anti-VEGF agents in DME.\
**Note:** ^a^24-month data.\
**Abbreviations:** BCVA, best-corrected visual acuity; VEGF, vascular endothelial growth factor; DME, diabetic macular edema; ETDRS, Early Treatment Diabetic Retinopathy Study; T&E, treat and extend; PRN, pro re nata; def laser, deferred laser; 2q8, 2 mg intravitreal aflibercept every 8 weeks; 2q4, 2 mg intravitreal aflibercept every 4 weeks; 2PRN, 2 mg intravitreal aflibercept pro re nata.](opth-10-1103Fig1){#f1-opth-10-1103}

![Regression analysis of mean BCVA gains versus mean baseline BCVA in the nine trials.\
**Abbreviations:** BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study.](opth-10-1103Fig2){#f2-opth-10-1103}

![Baseline, gained, and final BCVA by trial and regimen.\
**Notes:** ^a^Median. ^b^24-month data.\
**Abbreviations:** BCVA, best-corrected visual acuity; VA, visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; 2q8, 2 mg intravitreal aflibercept every 8 weeks; 2q4, 2 mg intravitreal aflibercept every 4 weeks; 2PRN, 2 mg intravitreal aflibercept pro re nata; PRN, pro re nata; def laser, deferred laser; T&E, treat and extend.](opth-10-1103Fig3){#f3-opth-10-1103}

![Mean change in BCVA from baseline to month 12 by baseline BCVA.\
**Note:** Data from RESTORE.[@b4-opth-10-1103]\
**Abbreviations:** BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study.](opth-10-1103Fig4){#f4-opth-10-1103}

![Mean change in BCVA from baseline to months 12 and 24 by baseline BCVA.\
**Note:** Data from RETAIN (on file).\
**Abbreviations:** BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; T&E, treat and extend; PRN, pro re nata.](opth-10-1103Fig5){#f5-opth-10-1103}

###### 

Characteristics of nine clinical trials with RBZ and AFL in DME

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study (n)                                                        BCVA inclusion range\   Mean BCVA at baseline\   Agent and dose (n)                                          Treatment algorithm                                                                 Mean[a](#tfn1-opth-10-1103){ref-type="table-fn"} number of injections/year   BCVA gain at 12 months[a](#tfn1-opth-10-1103){ref-type="table-fn"}\   Absolute BCVA at 12 months[a](#tfn1-opth-10-1103){ref-type="table-fn"}\
                                                                   (ETDRS letters)         (ETDRS letters)                                                                                                                                                                                                                                       (ETDRS letters)                                                       (ETDRS letters)
  ---------------------------------------------------------------- ----------------------- ------------------------ ----------------------------------------------------------- ----------------------------------------------------------------------------------- ---------------------------------------------------------------------------- --------------------------------------------------------------------- -------------------------------------------------------------------------
  [DRCR.net](http://DRCR.net) Protocol I (691)[@b5-opth-10-1103]   24--78                  63.0                     RBZ 0.5 mg + prompt laser (187)                             Four loading monthly injections and then PRN until ≥84 letters/\<250 µm             9.0 (median)                                                                 9.0                                                                   72.0

                                                                                                                    RBZ 0.5 mg + deferred laser (188)                                                                                                                                                                                                                                                                  

  RESOLVE (151)[@b6-opth-10-1103]                                  39--73                  60.2                     RBZ 0.3/0.6 mg and RBZ 0.5/1.0 mg (mean dose 0.6 mg; 102)   Three fixed monthly injections and then PRN until ≥79 letters/≤225 µm               10.0                                                                         10.3                                                                  70.5

  RESTORE (345)[@b4-opth-10-1103]                                  39--78                  64.8                     RBZ 0.5 mg (116)                                            Fixed dosing until stable for three consecutive visits and then PRN                 7.0                                                                          6.8                                                                   71.6

                                                                                           63.4                     RBZ 0.5 mg + laser (118)                                    6.8                                                                                 6.4                                                                          69.8                                                                  

  RETAIN (372)[@b10-opth-10-1103]                                  39--78                  61.7                     RBZ 0.5 mg T&E + laser (121)                                Three initial monthly doses and then T&E Three initial monthly doses and then PRN   7.6                                                                          6.8                                                                   68.5

                                                                                           63.9                     RBZ 0.5 mg T&E monotherapy (128)                            7.7                                                                                 6.8                                                                          70.7                                                                  

                                                                                           64.7                     RBZ 0.5 mg PRN (123)                                        7.0                                                                                 7.4                                                                          72.1                                                                  

  RIDE (382)[@b7-opth-10-1103]                                     24--73                  56.9                     RBZ 0.5 mg (127)                                            Monthly                                                                             12                                                                           12.0 (24 months)                                                      68.9 (24 months)

  RISE (377)[@b7-opth-10-1103]                                     24--73                  56.9                     RBZ 0.5 mg (125)                                            Monthly                                                                             12                                                                           11.9 (24 months)                                                      68.8 (24 months)

  DA VINCI (221)[@b8-opth-10-1103]                                 24--73                  59.9                     AFL 2q4 (44)                                                Three initial monthly doses and then 2 mg every 4 weeks (2q4) or 8 weeks (2q8)      10.8                                                                         13.1                                                                  73.0

                                                                                           58.8                     AFL 2q8 (42)                                                7.2                                                                                 9.7                                                                          68.5                                                                  

                                                                                           59.6                     AFL 2PRN (45)                                               Three initial monthly doses and then 2 mg PRN                                       7.4                                                                          12.0                                                                  71.6

  VIVID (404)[@b9-opth-10-1103]                                    24--73                  60.8                     AFL 2q4 (136)                                               Five initial monthly doses and then 2 mg every 4 weeks (2q4) or 8 weeks (2q8)       12.2                                                                         10.5                                                                  71.3

                                                                                           58.8                     AFL 2q8 (135)                                               8.7                                                                                 10.7                                                                         69.5                                                                  

  VISTA (461)[@b9-opth-10-1103]                                    24--73                  58.9                     AFL 2q4 (154)                                               Five initial monthly doses and then 2 mg every 4 weeks (2q4) or 8 weeks (2q8)       11.8                                                                         12.5                                                                  71.4

                                                                                           59.4                     AFL 2q8 (151)                                               8.4                                                                                 10.7                                                                         70.1                                                                  
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:**

Unless otherwise specified.

**Abbreviations:** RBZ, ranibizumab; AFL, aflibercept; DME, diabetic macular edema; [DRCR.net](http://DRCR.net), Diabetic Retinopathy Clinical Research Network; BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; PRN, pro re nata; T&E, treat and extend; 2q4, 2 mg intravitreal aflibercept every 4 weeks; 2q8, 2 mg intravitreal aflibercept every 8 weeks; 2PRN, 2 mg intravitreal aflibercept pro re nata.
